Anticardiolipin (anti-CL) antibodies, diagnostic for antiphospholipid antibody syndrome, are associated with increased risks of venous and arterial thrombosis. Because CL selectively enhances activated protein C͞protein S-dependent anticoagulant activities in purified systems and because CL is not known to be a normal plasma component, we searched for CL in plasma. Plasma lipid extracts [chloroform͞methanol (2:1, vol͞vol)] were subjected to analyses by using TLC, analytical HPLC, and MS. A plasma lipid component was purified that was indistinguishable from reference CL (M:1448). When CL in 40 fasting plasma lipid extracts (20 males, 20 females) was quantitated by using HPLC, CL (mean ؎ SD) was 14.9 ؎ 3.7 g͞ml (range 9.1 to 24.2) and CL was not correlated with phosphatidylserine (3.8 ؎ 1.7 g͞ml), phosphatidylethanolamine (64 ؎ 20 g͞ml), or choline-containing phospholipid (1,580 ؎ 280 g͞ml). Based on studies of fasting blood donors, CL (>94%) was recovered in very low density, low density, and high density lipoproteins (11 ؎ 5.3%, 67 ؎ 11.0%, and 17 ؎ 10%, respectively), showing that the majority of plasma CL (67%) is in low density lipoprotein. Analysis of relative phospholipid contents of lipoproteins indicated that high density lipoprotein is selectively enriched in CL and phosphatidylethanolamine. These results shows that CL is a normal plasma component and suggest that the epitopes of antiphospholipid antibodies could include CL or oxidized CL in lipoproteins or in complexes with plasma proteins (e.g., ␤2-glycoprotein I, prothrombin, protein C, or protein S) or with platelet or endothelial surface proteins.
A nticardiolipin (anti-CL) antibodies are associated with increased risks of venous or arterial thrombosis and ischemic coronary and cerebral disease (1) (2) (3) (4) . The titer of anti-CL antibodies usually is detected by ELISA assay by using immobilized CL and used with other tests to diagnose antiphospholipid antibody syndrome (5) . The epitopes of antiphospholipid antibodies are heterogeneous and subject to controversy (5) (6) (7) (8) (9) (10) (11) . Because biologically available CL is predominantly in intracellular mitochondria and is not exposed to circulating antiphospholipid (12, 13) , CL has not been considered to be a physiologic or authentic antigen of antiphospholipid antibodies. Other anionic phospholipids (PL), e.g., phosphatidylserine (PS), are reported to bind to antiphospholipid antibodies (14) . PS is found in lipoproteins and cell membranes (15) , is accessible to circulating antibodies, and therefore has been considered a viable candidate antigen for antiphospholipid antibodies. Some antiphospholipid antibodies bind ␤ 2 -glycoprotein I or complexes of protein and anionic phospholipids, such as ␤ 2 -glycoprotein I-PL, prothrombin-PL, protein C-PL, protein S-PL, complement C4b-binding protein, etc. (8, 16, 17) .
Anti-CL antibodies were reported to recognize oxidized phospholipids (ox-PL) (9, 10, 18) . Ox-PL in plasma are derived mainly from ox-lipoproteins, especially ox-low density lipoprotein (LDL), a major risk factor for atherothrombotic disease (19) (20) (21) (22) (23) (24) (25) . Ox-LDL is immunogenic, and autoantibodies recognizing epitopes of ox-LDL have been described in plasma and atherosclerotic lesions (20, 26) . Moreover, higher titers of these autoantibodies against ox-LDL are present in patients with atherosclerotic diseases (27) (28) (29) (30) (31) .
CL is an anionic phospholipid present in mitochondrial and bacterial membranes (13) and generally is not recognized as a significant physiologic plasma component (12) . Phospholipids found in plasma lipoproteins include phosphatidylcholine (PC), lysoPC, phosphatidylethanolamine (PE), sphingomyelin (SM), PS, and phosphatidylinositol (32) . Each subclass of phospholipid is composed of several molecular species that differ from one another in fatty acid side chains. PE in plasma is reported to be 60-90 g͞ml whereas PS is less than 15 g͞ml (15, (32) (33) (34) (35) (36) . In plasma there is much less PE and PS than choline-containing phospholipids (c-PL), i.e., PC and SM.
In vitro studies show that PE and PS are biologically active in the blood coagulation system (37) (38) (39) (40) . PS generally is described as the most procoagulant PL in membranes (38) (39) (40) (41) (42) (43) . PE in multicomponent vesicles was reported to support activated protein C (APC) anticoagulant activity with little enhancement of procoagulant activity (37, 44) , and we reported that CL has APC͞protein S-dependent anticoagulant activities in purified clotting factor assay systems (45) . These studies and the discovery that high density lipoprotein (HDL) exhibits anticoagulant cofactor activity for APC͞protein S (46) stimulated us to analyze plasma for CL. To address this issue, we analyzed lipid extracts from human plasma and from purified lipoproteins by using HPLC combined with evaporative light-scattering detection (ELSD), TLC, and MS to identify and quantitate CL, PS, and PE in plasma and in lipoproteins isolated from fasting plasma. This study demonstrates that CL is a significant and normal physiologic component present in human plasma lipoproteins and that the majority of CL is found in LDL.
blood samples (four male, four female) were obtained and anticoagulated with tetrasodium EDTA (2.7 mM final). After centrifugation (2,000 ϫ g for 30 min at 4°C), aprotinin, benzamidine, gentamicin sulfate, chloroamphenicol, and sodium azide (47) (48) (49) were added, and plasma samples were stored at Ϫ80°C for subsequent lipoprotein purification and analysis.
Preparation of Lipoprotein. Very low density lipoprotein (VLDL) (d Յ 1.019 g͞ml), LDL (d ϭ 1.019-1.063 g͞ml), and HDL (d ϭ 1.063-1.21 g͞ml) were isolated from normal human plasma by sequential density gradient ultracentrifugation in the presence of protease inhibitors and antioxidants and then stored in 0.3 mM EDTA at 4°C as described (47, 48) . The HDL fraction (d ϭ 1.063-1.21 g͞ml) contained lipoprotein(a) [Lp(a)] composed of ApoB100 and Apo(a). However, based on ELISA data [CardioCheck Lp(a); AlerCHEK, Portland, ME], the amount of Lp(a) was 2.0 Ϯ 4.3% (n ϭ 8) of the total protein of the HDL fraction, and Lp(a) was not sufficient to influence the lipid profile of HDL.
Lipid Extractions. Plasma and lipoprotein lipids were extracted twice from citrated plasma or purified lipoproteins with 4 vol of chloroform͞methanol (2:1, vol͞vol) as described (50) . After centrifugation, the lower phase (organic phase) was collected and 2 vol of chloroform was added to the other phase. Then, after mixing and centrifugation, again the lower organic phase was collected, dried by using flowing nitrogen gas, and redissolved in chloroform and combined with the first extract.
Choline-Containing Phospholipid Analysis. Plasma c-PL concentration, essentially PC plus SM, was determined by an enzymatic colorimetric method (Phospholipids B kit; Wako). TLC Analysis. TLC was carried out on 5 ϫ 5-cm HP-TLC plates (SILICA GEL 60 F-254; Merck) with chloroform͞methanol͞ hexane͞acetic acid, 50:10:30:5 (vol͞vol) (acidic condition) as developing solvent. After running the sample, the TLC plate was stained by iodine vapor. For analysis of CL in plasma extracts, the area on the plate that corresponded to the migration of standard CL (0.20-0.35 R f ) was scraped off and re-extracted by using a chloroform͞methanol͞1% sodium chloride mixture (6:3:2, vol͞ vol), and the organic phase was dried under nitrogen and reconstituted by chloroform for further analysis by HPLC and MS. Another developing solvent, chloroform͞methanol͞ ammonium hydroxide, 65:25:4 (vol͞vol; basic condition), also was used for analysis on TLC plates for CL.
HPLC Analysis. The HPLC system for PL analysis consisted of a Waters 600S controller, Waters 717plus autosampler, and an ELSD system, Sedex-55 (Sedere, Vitry sur Seine, France). The software program MILLENNIUM32 (Waters) was used for data analysis. A Lichrosphere 100 Diol column (250 mm ϫ 4.6 mm) with a guard column (Alltech Associates) was used with a linear gradient of chloroform͞methanol mixtures (95:5 to 80:20%) from 0 to 16 min for CL analysis. For PE and PS analysis, a Porosil column (300 mm ϫ 3.9 mm) and its guard column (Waters) were used with isocratic chloroform͞methanol͞0.5% trifluoroacetic acid͞water (79:19:1:1). The evaporation temperature of the ELSD was set to 50°C and the gain step was set to 11. The nebulization gas was nitrogen with a pressure of 2.0 bar. The flow rate in both conditions was 1 ml͞min. For collection of peaks, a Micro-Splitter Valve (Western Analytical Products, Temecula, CA) was used, and 75% of the total flow was detected by ELSD and the other 25% was collected for further analysis. The identity of each peak was confirmed from the retention time of each corresponding lipid reference standard, and the enhancing technique was used as described (51) . CL, PC, PE, SM, PS, phosphatidylglycerol, phosphatidylinositol, phosphatidic acid, lysoPC, and cholesterol were tested on these columns, and CL, PE, and PS peaks were clearly separated from other lipid peaks. To quantify CL, PE, and PS, calibration curves for each phospholipid were made by using standard CL, PE, and PS, which were obtained from freshly opened vials, as described (50) . The calibration curve was nonlinear, and it was fitted by using the equation: phospholipid concentration ϭ a[peak area] b (where the constant a ϭ 0.0033, 0.000548, and 0.00026 and the exponent b ϭ 0.448, 0.548, and 0.597 for CL, PE, and PS, respectively). See Fig. 2 Insets for a typical calibration curve.
MS Analysis. The electrospray ionization (ESI) MS analysis was performed by using an API 100 Perkin-Elmer SCIEX singlequadrupole ion trap mass spectrometer. Negative and positive ESI spectra were analyzed in the mass range of 650 to 1,650 Da.
Statistical Analysis. Statistical analyses were performed by using PRISM 3.0 (GraphPad, San Diego) to determine correlations and significance.
Results

Identification of CL in Normal Human
Plasma. Normal human plasma lipid extracts were analyzed by TLC as described in Materials and Methods. Under acidic conditions, CL, phosphatidylglycerol, PE, and phosphatidic acid migrated well (R f ϭ 0.28, 0.22, 0.19, and 0.39, respectively) whereas PC, SM, PS, and phosphatidylinositol migrated little (R f ϭ 0.03, 0.02, 0.05, and 0.02, respectively) and cholesterol migrated close to the solvent front (R f ϭ 0.84) (data not shown). After running plasma extracts on TLC, the silica gel in the area on the plate between 0.20 and 0.35 R f corresponding to the migration of reference CL was scraped off and the lipid was extracted, dried, and used for subsequent analyses described below.
We developed a method to detect CL by using HPLC (see Materials and Methods). Under our conditions, standard CL (heart) with a retention time of 10.76 min was well separated from other lipid peaks, e.g., free fatty acids (3.97 min), and cholesterol (3.63 min). PC, SM, PE, PS, phosphatidylinositol, phosphatidic acid, and phosphatidylglycerol were not eluted under the condition employed. The material obtained from the normal plasma lipid extract isolated from the TLC plate (0.2-0.35 R f ) as described above had a peak with a retention time (10.76 min) identical to standard CL on HPLC (Fig. 1) , suggesting this plasma lipid peak was CL. To confirm the identity of CL, negative ion spray MS analysis was performed. The plasma material that had been separated from the other lipids on the TLC plate showed peaks at m͞z 1448 (first negative state of molecule) and 724 (second negative state of molecule) with negative electron spray ( Fig. 1 Inset) that were identical to peaks observed for standard CL. Thus, plasma contains CL, and, based on molecular weight, the majority of plasma CL contains linoleic acid (18:2), which is also the major component of heart CL. Other peaks of m͞z 700 and 774 in negative electron spray (Fig.  1 Inset) are likely to be other anionic phospholipids, 18:1 PA and 18:1 PG based on molecular mass, or could be CL degradation products.
After chromatographic separation of CL by using either HPLC or TLC, more than 90% of both the standard heart CL and the plasma-derived CL appeared to be degraded when reanalyzed by using the same chromatographic methods. For example, post-HPLC standard CL showed various new peaks eluting at 2-6 min besides the CL peak at 10.76 min, and the peak at 10.76 min was less than 10% on the repeated HPLC chromatogram. Similarly, CL degradation patterns were observed in repeated TLC analyses, and more than 90% of the lipids eluted from the CL spot on the TLC plate migrated close to the solvent front on repeated TLC analysis. MS with positive electron spray also confirmed that the post-HPLC degradation products obtained from plasma CL were identical to those observed for post-HPLC standard CL (Avanti Polar Lipids) by their identical mass (m͞z 758.5, 786.5, 806.5, 834.5, 858, and 1,175) (data not shown). These peaks likely corresponded to the new peaks eluting at 2-6 min on repeated HPLC analysis and to the new spots (close to solvent front) on repeated TLC analysis. Because these new peaks of reanalyzed CL were not observed in MS with negative electron spray, these may indicate loss of negative charge of CL by degradation during the HPLC process or second extraction of lipid. HPLC silica-diol column or TLC silica gel may act as ion exchanger, and CL would be in its unstable, salt-free form during the HPLC or TLC process, giving rise to a rapid CL degradation (52) .
Quantification of Plasma CL and Phospholipids in 40 Healthy Subjects.
When plasma lipid extracts were subjected directly to HPLC analysis, one of the peaks had a retention time identical to standard CL (Fig. 2A) . To confirm that the peak reflected CL content, we showed that addition of standard CL to plasma increased the area of this peak by as much as predicted based on the calibration curve (data not shown). When this HPLC peak was collected and analyzed by TLC using acidic and basic conditions, it gave R f values (0.28 and 0.36, respectively) that were the same as standard CL. Thus, HPLC analysis of plasma lipid extracts permitted quantitation of CL for 40 healthy subjects. The mean value of plasma CL was 14.9 Ϯ 3.7 g͞ml (n ϭ 40; range, 9.1-24.2 g͞ml) (Fig. 3A) with Gaussian distribution (normality test: P Ͻ 0.01). There was no significant difference between mean values for 20 males and 20 females (P ϭ 0.353, Student's t test). CL values for plasmas frozen at To quantify CL, PE, and PS, calibration curves for each phospholipid were constructed with purified CL, PE, and PS as described in Materials and Methods. (A and B Insets) Calibration curves on log-log plots for relating peak area to PL concentrations are shown. Each curve was fitted over the range of 0.5 to 5.0 g of PL by using the equation as described in Materials and Methods.
Fig. 3. Distribution of plasma CL, PE, PS, and choline-containing phospholipid. The concentrations of plasma CL, PS (A), PE, and c-PL (B) were determined in 40 healthy adult donors (20 males, 20 females) as described in Materials and
Methods. Mean values (n ϭ 40) for plasma CL, PS, PE, and c-PL were 14.9 Ϯ 3.7 g͞ml (range, 9.1 to 24.2), 3.8 Ϯ 1.7 g͞ml (range, 1.78 to 4.72), 64 Ϯ 20 g͞ml (range, 36.2 to 115.2), and 1,580 Ϯ 280 g͞ml (range, 1,068 to 2,200), respectively. All of the phospholipids were fitted satisfactorily with Gaussian distribution (normality test: P Ͻ 0.01), and no statistical differences were found between males and females.
Ϫ70°C for 3-5 weeks were no different from those of fresh plasma (102 Ϯ 5.8%, n ϭ 6). To estimate how much CL in plasma might be derived from potential mitochondria on cell remnants, plasma was centrifuged at 30,000 ϫ g for 30 min. Based on analysis before and after centrifugation and of the pellet, less than 1% of plasma CL (0.45 Ϯ 0.17%, n ϭ 4) was present in any sedimentable particles.
The c-PL mean concentration was 1,580 Ϯ 280 g͞ml (n ϭ 40; range, 1,070 to 2,200 g͞ml) (Fig. 3B ). The mean plasma PE level was 64 Ϯ 20 g͞ml (n ϭ 40; range, 36.2 to 115.2 g͞ml) (Fig. 3B) , in good agreement with previous reports (33) (34) (35) . Plasma PS levels are low (15) and sometimes difficult to quantitate in plasma or in lipoproteins (15) . However, the method presented here readily permitted PS measurement. The plasma concentration of PS was smaller than the other phospholipids [3.8 Ϯ 1.7 g͞ml (n ϭ 40; range, 1.78 to 4.72 g͞ml)] (Fig. 3B) . Notably, plasma contained significantly more CL than PS. The distribution pattern of PS and PE were Gaussian (normality test: P Ͻ 0.01). Neither PS nor PE showed any significant difference between mean values for males and females (P ϭ 0.82 and 0.171, respectively, Student's t test). When various values for the 40 subjects were analyzed, plasma CL levels were not correlated with levels of c-PL, PS, or PE (as described below). Plasma PE levels correlated strongly with plasma c-PL levels (P Ͻ 0.0001, r ϭ 0.5898) ( Table 1) .
Phospholipid Composition of Human Plasma Lipoproteins. When lipoproteins were purified from eight of 40 subjects' fasting plasmas by sequential density gradient ultracentrifugation, Ն94% CL was recovered in VLDL, LDL, and HDL (11 Ϯ 5.3%, 67 Ϯ 11.0%, 17 Ϯ 10%, respectively) ( Table 2 ). PS and PE also were recovered in VLDL, LDL, and HDL, and their distribution among the lipoprotein fractions is given in Table 2 (PE: 20 Ϯ 11%, 47 Ϯ 18%, and 29 Ϯ 17%; PS: 9.0 Ϯ 4.6%, 81 Ϯ 9.3%, and 7.5 Ϯ 5.1%, respectively). PE, PS, and CL are minor components of lipoproteins compared with c-PL (PC plus SM), and PE represents 3.2-4.7% of the PL in lipoproteins (Table 3) . CL and PS represent less than 1% of the PL in lipoproteins (Table 3) . Interestingly, the phospholipid composition of LDL had relatively higher amounts of anionic phospholipids CL and PS and less PE than the other lipoproteins. The molar ratios of CL͞PS (7.0) and PE͞PS (72) in HDL were three times and seven times higher, respectively, than in LDL (2.2 and 9.7, respectively), indicating that HDL is enriched selectively in CL and PE relative to VLDL or LDL (Table 4) . Discussion CL, diphosphatidylglycerol, is a unique anionic phospholipid that is composed of two phosphate groups and four fatty acid side chains (13) . Immobilized CL on microtiter plates is used to detect anti-CL antibodies and to help diagnose or define antiphospholipid antibody syndrome (5, 8) . Epitopes of antiphospholipid antibodies have been studied for a long time because of their considerable clinical importance. Historically, the assumption regarding the identity of the primary antigen was that it was a phospholipid that was either directly antigenic or was a mandatory component of an antigenic complex. Because biologically available CL was predominantly in intracellular mitochondria (13) , CL was considered not to be exposed to circulating antibodies and, therefore, not likely among the phospholipids to be an autoantigen (12) . Other anionic phospholipids, such as PS, apparently also bind to some antiphospholipid antibodies. PS, which is found in lipoproteins, is accessible to circulating antibodies and therefore was considered to be a better candidate for antigen of anti-CL antibodies. The putative absence of CL in plasma stimulated a search for other ''anti-CL'' epitopes. In recent years, ''anti-CL'' antibodies have been shown to include anti-␤ 2 -glycoprotein I (7, 8, 53) .
Stimulated by our interest in the anticoagulant properties of CL (45) and HDL (46), we decided to search for and to quantitate CL in plasma and lipoproteins. Using TLC, HPLC, and MS analyses, we demonstrated the presence of CL in normal human plasma. A number of technical difficulties associated with efforts to quantitate lipid components, especially trace amounts of phospholipids or glycolipids, can be overcome by using ELSD methods (50) . The quantitation of CL, particularly in small amounts, was challenging because of, at least in part, its properties of easy oxidation in air and͞or high lability in the absence of salt (10, 52) . Nonetheless, we quantitated CL in 40 healthy adult subjects who had a mean CL level of 14.9 Ϯ 3.7 g͞ml. The distribution of plasma CL was Gaussian, and CL levels in males were the same as in females. Notably, plasma contains more CL (15 g͞ml) than another anionic phospholipid, PS (3.8 g͞ml), and CL is a major anionic phospholipid in human plasma. Like other phospholipids, namely c-PL, PS, and PE, more than 94% of CL is located in lipoproteins ( Table 2) . The other 5% of CL was considered to be associated with Correlations among phospholipids are expressed as a P value (n ϭ 40). Statistical analysis was performed with statistical software PRISM 3.0. The value of R for correlation of PE with c-PL was 0.60. The distributions of each phospholipid in individual lipoprotein subfractions are shown on a percentage basis for that phospholipid (mean Ϯ SD; n ϭ 8). Each phospholipid is expressed on a molar basis as a percentage of the total phospholipid, which was calculated as the sum PE ϩ CL ϩ PS ϩ c-PL for each lipoprotein subfraction (mean Ϯ SD; n ϭ 8). The ratio of minor phospholipids in lipoprotein subfractions was calculated based on data in Table 3 (mean Ϯ SD; n ϭ 8).
proteins that have density higher than 1.21 g͞liter, such as very high density lipoprotein or perhaps other phospholipid-binding proteins such as ␤ 2 -glycoprotein I, prothrombin, protein C, protein S, complement C4-binding protein, etc.
What is the source of CL in plasma lipoproteins? Biosynthesis of lipoproteins occurs on the endoplasmic reticulum in the liver or intestine where phospholipids combine with apoproteins, e.g., apoA-I or apo B, to form nascent lipoproteins (54) . Biosynthesis of CL in mammals involves the formation of CDP-diacylglycerol mediated by CDP-diacylglycerol synthase (55, 56) , which is located in close association with the membrane of the endoplasmic reticulum (57) . Thus, it is reasonable to speculate that the CL found in lipoproteins is combined with nascent lipoproteins as are other phospholipids in the endoplasmic reticulum of liver or intestine.
Blood coagulation pathways and the anticoagulant protein C pathway can be modulated by plasma lipids and lipoproteins. The procoagulant influences of PS and PE on the coagulation system have been well investigated in purified systems (37) (38) (39) (40) (41) (42) (43) (44) . Anionic PS is believed to be a particularly procoagulant phospholipid (38) whereas PE is apparently, under certain conditions, an anticoagulant phospholipid that acts by enhancing the anticoagulant action of APC (37, 44) . We found that CL also can act anticoagulantly by selectively enhancing protein S-dependent APC activity (unpublished results; ref. 45) . Because the plasma concentration of CL is similar to that of other minor phospholipids, e.g., PE or PS, CL is likely to be present in normal cell membranes as well as in lipoproteins, and CL also may exert anticoagulant activity in vivo.
Elevated LDL cholesterol or a combination of hypertriglyceridemia and low HDL are risk factors for coronary heart disease, whereas elevated HDL has an inverse correlation with incidence of coronary artery disease (58) (59) (60) (61) (62) (63) (64) . HDL infusions show anti-inflammatory and antithrombotic activities in animals (65) (66) (67) . HDL inhibits platelet aggregation and enhances prostacyclin production by endothelial cells (68, 69) . HDL can act as an anticoagulant cofactor by enhancing protein S-dependent APC activity (46) . The phospholipid composition in lipoproteins is likely to be functionally important. Phospholipids such as PS and PE exhibit significant influences on the blood coagulation reactions (37) (38) (39) (40) (41) (42) (43) (44) and might contribute to either beneficial or deleterious properties of lipoproteins. In the analysis of lipoprotein phospholipid composition, we found significant differences in the relative phospholipid content of HDL and LDL with respect to the anionic phospholipid, PS. The relative content of PS in HDL (0.06%) is notably six times lower than that of LDL (0.36%). In contrast, the relative content of PE in each lipoprotein shows only modest variation (3.2-4.6%). CL in LDL (0.77%) is two times higher than in HDL (0.40%) ( Table 3 ). These differences lead to significant differences in the CL͞PS and PE͞PS ratios for HDL compared with LDL. The molar ratios of CL͞PS (7.0) and PE͞PS (72) in HDL were three times and seven times higher, respectively, than ratios in LDL (2.2 and 9.7, respectively) ( Table 4 ), indicating that HDL is selectively enriched in CL and PE compared with LDL. The relative enrichment of HDL in CL and PE might contribute to the anticoagulant properties of HDL because both CL and PE may be considered anticoagulant phospholipids. The relative distribution of the various phospholipids is quite similar in VLDL and HDL. Because apoprotein exchange occurs readily between HDL and VLDL, the apoproteins may influence the phospholipid profile of lipoproteins.
Ox-LDL is present in atherosclerotic lesions (19) (20) (21) (22) (23) (24) (25) and circulating plasma (70) (71) (72) . Oxidative modification of LDL seems to be involved in the development and progression of atherosclerosis (73) , the migration of macrophages, the cytotoxicity toward endothelial and foam cells, the alteration of expression of certain genes in the arterial walls (74) (75) (76) , and the release of IL-1 and chemoattractant activity from macrophages (77) and T cells (78) . Thus, ox-LDL can contribute to atherogenesis via many pathways. Ox-LDL is also immunogenic, and autoantibodies recognizing epitopes of highly ox-LDL have been described in plasma and atherosclerotic lesions (20, 26) . Moreover, higher titers of these autoantibodies are present in patients with atherosclerotic disease (27) (28) (29) (30) (31) . On the other hand, antiphospholipid antibodies can inhibit binding of ox-LDL to receptors and recognize ox-PL (9, 10, 18) . Moreover, antibodies against ox-PL include antibodies against purified ox-CL (10). Our finding that CL is the major plasma anionic phospholipid in LDL may link these findings, and antibodies against ox-PL in ox-LDL may include antibodies against ox-CL in ox-LDL. Such antibodies may correlate with or contribute to atherogenesis. Therefore, we suggest that the epitopes of antiphospholipid antibodies could include CL or ox-CL either in lipoproteins or in complexes with various plasma proteins, e.g., ␤ 2 -glycoprotein I, prothrombin, protein C, protein S, or complement C4b-binding protein, or others. Furthermore, we speculate that the epitopes of antiphospholipid antibodies could include CL or ox-CL complexed with platelet or endothelial surface proteins. Identification of the true epitopes of various so-called ''anti-CL antibodies'' may help clarify the pathogenic mechanisms responsible for antiphospholipid antibody-dependent ischemic diseases and venous and arterial thrombosis.
In summary, we found that CL is a normal component of human plasma lipoproteins. This discovery may lead to new insights concerning the pathogenesis of thrombosis or atherogenesis involving CL, lipoproteins, ox-lipoproteins, and antiphospholipid antibodies.
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